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IN THE TITLE 



Please replace the current title, "Recursive Partitioning Placement Method and 
Apparatus," with "Method and Apparatus for Quantifying the Quality of Placement 
Configurations in a Partitioned Region of an Integrated-Circuit Layout." 

IN THE SPECIFICATION 

On page 1, line 1, please delete^Tte invention is directed towards recursive 
partitioning placement method and apparatus" and insert- 



Cross Reference to Relate/ Applications 

This application is a continuation application of United States 
Patent Application entitled "Recursive Partitioning Placement Method and 
Apparatus," filed on Decembei/o, 2000, and having the Serial No. 



Field of the Invention 

The invention is directed towards method and apparatus for 
quantifying the quality of placement configurations in a partitioned region 
of an integrated-circuit layout— 



IN THE CLAIMS 



Please cancel claims 1-27, and add the following new claims. 
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28. (NevJ) A method of placing circuit modules in a region of an integrated 



circuit ("IC") layout 
plurality of nets rep 
defined to include a 



said IC layout having a plurality of circuit elements, wherein a 
esent interconnections between said circuit elements, each net 
set of circuit elements, the method comprising: 



a) I partitioning the IC region into several sub-regions, wherein a 
plurality of edges exist between said sub-regions, wherein some of said edges are 



diagonal; 



b) | selecting a net; 



c) ([identifying the set of sub-regions containing the circuit elements of 
the selected net; 

d) identifying the ed ges intersected by at least one connection graph 
that representsjhe toprnqgylxtf one or more interconnect lines necessary_for connecting 
theidentified.set-of.sub regions* and 

e) c >mputing a placement cost by using the identified edges. 



29. (New) l|ie method of claim 28, wherein some of said edges are horizontal 
and some are vertical. 



30. (New) The method of claim 28, wherein partitioning the IC region 
comprises using a set of partitioning lines to define said sub-regions. 



3 



Docket No. 5PLX.P017 



3 1 . (Now) The method of claim 30, wherein the edges are defined based on a 
wiring model for tie IC layout and on a partitioning structure defined by the partitioning 
lines. * 

32. (New) The metKbd of claim 3 1 , wherein the partitioning lines define a 
four-by-four partitioning grid and the wiring model is an octagonal wiring model, 
wherein said grid and said octagonal wiring model result in forty two edges between said 
slots. 

33. (New) The method of claim 32, wherein eighteen of said edges are 
diagonal, and twenty-four of said edges are either horizontal or vertical. 

34. (New) The method of claim 28 further comprising: 

a) changing the position of a circuit element of the selected net from 
one sub-region to another; 

b) identifying a new set of sub-regions that contain the circuit 
elements of the selected net; 

c) identifying a new set of edges intersected by at least one new 
connection graph that represents the topology of one or more interconnect lines necessary 
for connecting the identified new set of sub-regions; and 

d) computing a new placement cost by using the identified new set of 

edges. 
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35. (New) The method of claim 28 further comprising: 

a) for each particular net, identifying the set of sub-regions containing 
the circuit elements of the particular net; 

b) for each particular net, identifying a set of edges intersected by at 
least one connection graph that represents the topology of one or more interconnect lines 
necessary for connecting the set of sub-regions identified for the particular net; and 

c) computing a placement cost for the IC layout within said region 
based on the identified set of edges. 

36. (New) The method of claim 35 further comprising: 

a) changing the position of a particular circuit element from one sub- 
region to another; 

b) for each particular net that includes the particular circuit element, 
identifying the sub-regions that contain the circuit elements of the particular net; 

c) for each particular net that includes the particular circuit element, 
identifying a new set of edges intersected by at least one new connection graph that 
represents the topology of one or more interconnect lines necessary for connecting the 
sub-regions identified for the particular net; and 

d) computing a placement cost based on the identified new edges. 
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37. (New) The method of claim 35, wherein identifying the intersected edges 
comprises using the identity of the identified set of sub-regions to retrieve the identity of 
said intersected edges from a storage structure. 

38. (New) The method of claim 37 further comprising: 

a) pre-computing the identity of the intersected edges for all 
combination of said slots; and 

b) storing the computed identities in the storage structure. 

39. (New) The method of claim 28, wherein identifying the edges comprises 
identifying the edges intersected by all optimal connection graphs for the selected net. 

40. (New) The method of claim 39, wherein the connection graphs are 
determined to be optimal based on at least one particular selection criterion. 

41 . (New) The method of claim 40, wherein the selection criterion is the 
length of the connection graphs. 

42. (New) The method of claim 41, wherein another selection criterion for 
determining whether the connection graphs are optimal is the number of bends of the 
connection graphs. 

\3. (New) A nLthod of placing circuit modules in a region of an integrated 
circuit ("IC") layout, said id layout having a plurality of circuit elements, wherein a 
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plurality of nets represent interconnections bet veen said circuit elements, each net 



defined to include a set of circuit elements, the 



method comprising: 



a) partitioning the IC region into several sub-regions, wherein a 
plurality of line paths exist between said sub{regions r wherein some of said line paths are 
diagonal; 

b) selecting a net; 

c) identifying the set ofjfsub-regions containing the circuit elements of 
the selected net; 

d) identifying the line p aths used by at least one connection graph that 
represents the topology of one or more interconnect lines necessary for connecting the 
identified set of sub-regions; and 

e) computing a placement cost by using the identified line paths. 

44. (New) The method of claim 43, wherein some of said line paths are 
horizontal and some are vertical. 

45. (New) The method of claim 43, wherein partitioning the IC region 
comprises using a set of partitioning lines to define said sub-regions. 

46. (New) The method of claim 45, wherein the line paths are defined based 
on a wiring model for the IC layout and on a partitioning structure defined by the 
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partitioning lines. 

47. (New) The method of claim 46, wherein the partitioning lines define a 
four-by-four partitioning grid and the wiring model is an octagonal wiring model, 
wherein said grid and said octagonal wiring model result in forty two line paths between 
said slots. 

48. (New) The method of claim 47, wherein eighteen of said line paths are 
diagonal, and twenty-four of said line paths are either horizontal or vertical. 

49. (New) The method of claim 43 further comprising: 

a) changing the position of a circuit element of the selected net from 
one sub-region to another; 

b) identifying a new set of sub-regions that contain the circuit 
elements of the selected net; 

c) identifying a new set of line paths used by at least one new 
connection graph that represents the topology of one or more interconnect lines necessary 
for connecting the identified new set of sub-regions; and 

d) computing a new placement cost by using the identified new set of 

line paths. 

50. (New) The method of claim 43 further comprising: 
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a) for each particular net, identifying the set of sub-regions containing 
the circuit elements of the particular net; 

b) for each particular net, identifying a set of line paths used by at 
least one connection graph that represents the topology of one or more interconnect lines 
necessary for connecting the set of sub-regions identified for the particular net; and 

c) computing a placement cost for the IC layout within said region 
based on the identified set of line paths. 

5 1 . (New) The method of claim 50 further comprising: 

a) changing the position of a particular circuit element from one sub- 
region to another; 

b) for each particular net that includes the particular circuit element, 
identifying the sub-regions that contain the circuit elements of the particular net; 

c) for each particular net that includes the particular circuit element, 
identifying a new set of line paths used by at least one new connection graph that 
represents the topology of one or more interconnect lines necessary for connecting the 
sub-regions identified for the particular net; and 

d) computing a placement cost based on the identified new line paths. 

52. (New) The method of claim 50, wherein identifying the line paths 
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comprises using the identity of the identified set of sub-regions to retrieve the identity of 
said line paths from a storage structure. 

53. (New) The method of claim 52 further comprising: 

a) pre-computing the identity of the line paths used for all 
combination of said slots; and 

b) storing the computed identities in the storage structure. 

54. (New) The method of claim 43, wherein identifying the line paths 
comprises identifying the line paths used by all optimal connection graphs for the selected 
net. 

55. (New) The method of claim 54, wherein the connection graphs are 
determined to be optimal based on at least one particular selection criterion. 

56. (New) The method of claim 55, wherein the selection criterion is the 
length of the connection graphs. 

57. (New) The method of claim 56, wherein another selection criterion for 
determining whether the connection graphs are optimal is the number of bends of the 
connection graphs. 

"58. (Neww For an electronic-design-automation placer that uses a set of 
partitioning lines, tha\define a plurality of slots, to partition an integrated-circuit ("IC") 
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layout region into a plurality of sub-regionsjeorresponding to said slots, wherein a 
plurality of line paths exist between said slots, a method of pre-computing costs of 
placing circuit modules in an IC-layout region, the method comprising: 

V 

j 

a) for each combination of said slots, identifying at least one 

I 

connection graph that represents the topology of interconnect lines necessary for 
connecting the combination of said slots; 

b) for each combination of said slots, identifying the line paths used 
by the connection graph or graphs for that particular combination of slots, wherein some 
of the identified line paths are diagonal; and 

c) storing the identified line paths for each combination of slots in a 
storage structure. I 

59. (New) The method ftf claim 58, wherein some of the line paths are 
horizontal, and some are vertical. J 

60. (New) The method of claim 58, wherein the connection graphs are Steiner 

trees. 

61 . (New) The method of claim 58, wherein the connection graphs are 
minimum spanning trees. 

62. (New) The method of claim 58, wherein identifying the line paths 
comprises identifying the line paths used by all optimal connection graphs for each 
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combination of said slots. 

63. (New) The method of claim 62, wherein the connection graphs are 
determined to be optimal based on at least one particular selection criterion. 

64. (New) The method of claim 63, wherein the selection criterion is the 
length of the connection graphs. 

65. (New) The method of claim 64, wherein another selection criterion for 
determining whether the connection graphs are optimal is the number of bends of the 
connection graphs. 

66. (New) The method of claim 58, wherein the line paths are defined based 
on a wiring model for the IC layout and on a partitioning structure defined by the 
partitioning lines. 
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J 67. (New) For an electronic-design-automation placer that uses a set of 
partitioning lines, that define a plurality of slots, to partition an integrated-circuit ("IC") 
layout region into a plurality of sub-regions corresponding to said slots, wherein a 
plurality of edges exisAbetween said slots, a method of pre-computing costs of placing 
circuit modules in an IQlayout region, the method comprising: 

a) foneach combination of said slots, identifying at least one 
connection graph that represents the topology of interconnect lines necessary for 
connecting the combinations said slots; 
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b) for each combination of said slots, identifying the edges intersected 
by the connection graph or graphs ffor that particular combination of slots, wherein some 
of the identified edges are diagonal; and 

c) storing thp identified edges for each combination of slots in a 

68. (New) The method of claim 67, wherein some of the edges are horizontal, 
and some are vertical. j 

69. (New) The method of claim 67, wherein the connection graphs are Steiner 

trees. 

70. (New) The method of claim 67, wherein the connection graphs are 
minimum spanning trees. 

71 . (New) The method of claim 67, wherein identifying the edges comprises 
identifying the edges intersected by all optimal connection graphs for each combination 
of said slots. 

72. (New) The method of claim 71, wherein the connection graphs are 
determined to be optimal based on at least one particular selection criterion. 

73. (New) The method of claim 72, wherein the selection criterion is the 
length of the connection graphs. 



13 



Docket No. SPLX.P017 



